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© Thin film transistor and method of manufacturing It 

© A thin film transistor comprises a source area 
(102) and a drain area (103) which are composed of 
a silicon thin film to which an impurity which serves 
as a donor or an acceptor is added, a channel area 
(104) composed of the silicon thin film formed be- 
tween said source area and said drain area in con- 
tact with said source area and said drain area, a gate 
insulation film (107) formed in such a manner as to 
cover said source area, sal<j drain area, and said 
channel area, and a gate electrode (108) disposed 
on said gate insulation film. The gate electrode does 
not overlap said source area or said drain area, 
allowing a high ON/OFF ratio to be realized. De- 
scribed are various methods for producing such a 
thin film transistor. 




CO 



Rank Xerox (UK) Business Services 



00020000 (2592x3508x2 tiff) 



EP 0 460 605 A1 



The present Inv ntion relates to a thin film 
transistor which is particularly suitable for use in 
active matrix type liquid crystal devices, image 
sensors, three-dimensional integrated circuits or 
the like. 

An example of the construction of a conven- 
tional thin film transistor will be explained with 
reference to Fig. 2. Fig. 2 is a cross-sectional view 
of the construction In the direction of a channel. A 
source area 202 and a drain area 203, which are 
composed of a silicon thin film, of such as poly- 
crystalllne silicon or amorphous silicon, to which an 
impurity which serves as a donor or an acceptor is 
added, are formed on an insulating substrate 201 
of glass, quartz, sapphire or the like. A channel 
area 204 composed of a silicon thin film, of such 
as polycrystadine silicon or amorphous silicon, is 
disposed so as to be in contact with the top side of 
an end of the source area 202 and the top side of 
an end of the drain area 203 in such a manner as 
to connect these two areas. A source electrode 205 
composed of a metal, a transparent electrically- 
conductive film, etc. Is disposed so as to be in 
contact with the source area 202, and a drain 
electrode 206 composed of a metal, a transparent 
electrically-conductive film, etc. is disposed so as 
to be in contact with the drain area 203. All of the 
above is coated with a gate insulation film 207 
such as a silicon oxide film, etc. A gate electrode 
208 composed of a metal, a transparent 
electrically-conductive film, etc. is disposed in such 
a manner as to cover both the source area 202 and 
the drain area 203, or at least cover a part of each 
of them. The gate insulation film 207 also serves as 
an interlayer insulation film for maintaining the in- 
sulation among interconnections. 

The above-described prior art suffers from the 
following problems. 

Fig. 3 is a graph showing an example of the 
characteristics of an N-channel thin film transistor 
having the construction illustrated in Rg. 2. The 
horizontal axis indicates the gate voltage Vgs, the 
vertical line indicates logarithmic values of the 
drain current Id. In this example, a current that 
flows between the source and the drain when the 
transistor is in an OFF-state is denoted as loff; a 
current that flows between the source and the drain 
when the transistor Is in an ON-state is denoted as 
Ion. A transistor having characteristics such that the 
ON-current is large and the OFF-current Is small, 
or in other words, characteristics of a high ON/OFF 
ratio (loff/lon), is preferable. However, generally, if 
the ON-current is Increased, the. OFF-current has 
the t ndency to increase also. This fact poses a 
problem, particularly when an attempt is made to 
realize an integrated driver type liquid crystal de- 
vice. That is, it is required that transistors used in 
the pixel section of a liquid crystal device have 



characteristics of a low OFF-current, whereas It is 
required that transistors used in the peripheral cir- 
cuits have characteristics of a high ON-current in 
order to allow a high speed operation. 
5 The present invention is intended to solve the 

above-mentioned problems and to provide a thin 
film transistor having characteristics of a high 
ON/OFF ratio (lon/lofO. and a method for manufac- 
turing such a transistor. 
io The general solution to this object as well as 
specific embodiments of the invention are defined 
in the claims. 

These and other objects, features and advan- 
tages of the present invention will become clear 
75 from the following description of preferred embodi- 
ments of the present invention with reference to the 
accompanying drawings, in which: 

Rg. 1 Is a cross-sectional view showing 

an example of the construction of 
20 a thin film transistor according to 

the present invention; 
Rg. 2 is a cross-sectional view showing 

an example of the construction of 
a conventional thin film transistor; 
26 Rg. 3 is a graph showing the characteris- 

tics of the conventional thin film 
transistor; 

Rgs. 4(a) to 4(d) are cross-sectional views 
showing process steps of an em- 
30 bodiment in which a thin film tran- 

sistor having a structure which is 
known as a means for reducing 
the OFF-current is realized; 
Rg. 5 is a graph showing the characteris- 

35 tics of the thin film transistor ac- 

cording to the present invention; 
Rgs. 6(a) to 6(c), Rgs. 7(a) to 7(c), Rgs. 8(a) 
to 8(c), Rgs. 9(a) to 9(c). Rgs. 10- 
(a) to 10(d), Figs. 11(a) to 11(d), 
40 Rgs. 12(a) to 12(d), Rgs. 13(a) to 

13(d). Rgs. 14(a) to 14(c), and 
Rgs. 15(a) to 15(c) are cross-sec- 
tional views showing process 
steps of embodiments of the man- 
45 ufacturing method according to the 

present invention; and 
Rg. 16 is a cross-sectional view showing 
an example of the construction of 
the thin film transistor, 
so The thin film transistor of the present invention 

is characterized in that a gate electrode does not 
overlap a source area and a drain area, that is, it is 
formed in a so-called ffset structure. 

As can be understood from the characteristics 
55 of a conventional thin film transistor shown in Rg. 
3, th OFF-current depends upon the gate voltage, 
and more particularly, depends upon the voltage 
between the gate and the drain. The value of the 
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OFF-current becomes a minimum in the vicinity of 
a gate v ttage of O V if an impurity used to control 
a threshold vatu is not added to the channel 
section. That Is, it can be said that if the electric 
field applied between the gate and the drain is 
reduced, the OFF-current can be reduced. As re- 
gards a method of reducing the electric field ap- 
plied to the gate and the drain, a method of lower- 
ing the impurity concentration of the drain end is 
known. This method will be explained with refer- 
ence to Fig. 4. 

A pattern 402 composed of a silicon thin film, 
of such as polycrystalllne silicon or amorphous 
silicon, is formed on an insulating substrate 401 of 
glass, quartz, sapphire or the like. Next, all of the 
above is coated with a gate Insulation film 403 
such as a silicon oxide film. etc. Formed thereon is 
a gate electrode 404 composed of a metal, a 
transparent electrically-conductive film, a poly- 
crystalline silicon film to which an impurity which 
serves as a donor or an acceptor Is added, etc. 
(See Fig. 4(a)). 

Next, by adding, for example, approximately 1 
x 10 U cm" 2 of the impurities which serve as a 
donor or an acceptor by ion implantation, a low- 
concentration source area 405 and a low-concen- 
tration drain area 406 are formed self-aligned with 
respect to the gate electrode 404 (See Fig. 4<b)). 

Then, after an insulation film 407 of, for exam- 
ple, silicon oxide, has been formed on all of the 
above, this Insulation film 407 is etched by an- 
isotropic etching so that it remains only on the side 
wall of the gate electrode 404. Next by adding, for 
example, approximately 1 x 10 IS cm^ 2 of the impu- 
rities which serve as a donor or an acceptor by ion 
implantation, a source area 408 and a drain area 
409 are formed in a self-aligned manner. The sili- 
con oxide film 407 that remained on the side wall 
of the gate acts as a stopper at the time of ion 
Implantation and a transistor having a low con- 
centration in the drain end section is formed (See 
Fig. 4(c)). 

Thereafter, a source electrode 410 and a drain 
electrode 411 which are composed of a metal, a 
transparent electrically-conductive film, etc. are re- 
spectively connected to the source area 408 and 
the drain area 409 according to the usual pro- 



However, this method still has problems de- 
scribed below. Firstly, the drain is formed by ion 
implantation as explained with reference to Fig. 4. 
Owing to this, the crystal structure is degraded and 
the trap state density becomes higher in the silicon 
thin film constituting the drain section. 

The trap state density in the silicon film com- 
posing the drain is another major parameter which 
determines th OFF-cunrent In addition to th elec- 
tric fi Id applied to the drain. Therefore, the effect 



of this method is lessened and the decrease in 
OFF-current is less pronounced. 

The second problem is that the number of 
processes, such as ion implantation, etc., increases 

6 greatly. 

The structure of the thin film transistor of the 
present invention effectively lowers the voltage be- 
tween the gate and the drain during off time, since 
the gate electrode is formed In the so-called offset 

70 structure in which the gate electrode does not 
overlap the source area or the drain area. Also, the 
crystal structure in an edge portion of the drain is 
not degraded. Hence, the value of the OFF-current 
in the vicinity of a gate voltage of 0 V in a conven- 

15 tional transistor can be maintained for gate voltages 
less than 0 V according to the Invention as shown 
In Fig. 5. The OFF-characteristlcs of the thin film 
transistor can be Improved greatly. On the other 
hand, the ON-cunrent is not significantly decreased 

20 as compared to a conventional transistor. The rea- 
son therefor is that in a thin film transistor, because 
the silicon layer of the channel section is thin, the 
range over which a depletion layer extends is limit- 
ed and an inversion layer is likely to be formed. 

25 Therefore, If the length of the offset section Is 
optimized, a decrease in the ON-current can be 
suppressed. As a result it has become possible to 
provide a thin film transistor having excellent char- 
acteristics because of a large ON/OFF ratio. 

30 The present invention will be explained in the 
following. 

Fig. 1 is a cross-sectional view showing the 
construction of a thin film transistor according to 
the present invention. A source area 102 and a 

36 drain area 103 which are composed of a silicon 
thin film, of such as polycrystalllne silicon or amor- 
phous silicon, to which an impurity which serves as 
a donor or an acceptor Is added, are formed on an 
insulating substrate 101 of glass, quartz, sapphire 

40 or the tike. A channel area 104 composed of a 
silicon thin film, of such as polycrystalllne silicon or 
amorphous silicon, Is disposed so as to be in 
contact with the source area and the drain area in 
such a manner as to connect these two areas. A 

45 source electrode 105 composed of a metal, a 
transparent electrically-conductive film, etc. is dis- 
posed so as to be in contact with the source area 
102, and a drain electrode 106 Is disposed so as to 
be in contact with the drain area 103. All of the 

so above is coated with a gate insulation film 107 
such as a silicon oxide film, etc. A gate electrode 
108 composed of a metal, a transparent 
electrically-conductive film. etc. is disposed In such 
a manner as not to cover either the source area 

65 102 or the drain area 103 at the least The gate 
insulation film 107 also acts as an intertayer Insula- 
tion film for maintaining th Insulation between In- 
terconn ctions. 
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Embodiment 1 

Such a thin film transistor can be realized by a 
process described below. Rg. 6 Is a cross-sec- 
tional view showing process steps by which a thin 
film transistor of the present invention is realized. 
Patterns 602 and 603 which are composed of a 
silicon thin film, of such as polycrystalline silicon or 
amorphous silicon, are formed on an insulating 
substrate 601 of glass, quartz, sapphire or the like. 
A pattern 604 composed of a silicon thin film, of 
such as polycrystalline silicon or amorphous sili- 
con, is disposed so as to be in contact with the top 
side of the two areas in such a manner as to 
connect these two areas. Next, all of the above is 
coated with a gate insulation film 605 such as a 
silicon oxide film. etc. Formed thereon is a gate 
electrode 606 composed of a metal, a transparent 
electrically-conductive film, a polycrystalline silicon 
film to which an impurity which serves as a donor 
or an acceptor is added, etc. (See Rg. 6(a)); 

Next, an insulation film 607, for example, a 
silicon oxide film, is formed on all of the above. By 
adding an impurity which serves as a donor or an 
acceptor by ion implantation, a source area 608 
and a drain area 609 are formed in a self-aligned 
manner with respect to the gate electrode. At this 
time, the silicon oxide film 607 formed on the side 
wall of the gats is effectively a thick film when seen 
from a vertical direction and serves as a stopper 
for ions implanted. As a result, a transistor having 
an offset structure is formed (See Rg. 6(b)). 

Thereafter, a source electrode 610 and a drain 
electrode 611 which are composed of a metal, a 
transparent electrically-conductive film, etc. are re- 
spectively connected to the source area 608 and 
the drain area 609 according to the usual pro- 
cesses. Thus, a thin film transistor according to the 
present invention is completed (See Rg. 6(c)). 

Embodiment 2 

Rg. 7 is a cross-sectional view showing the 
process steps of another embodiment by which a 
thin film transistor of the present invention is re- 
alized. Patterns 702 and 703 which are composed 
of a silicon thin film, of such as polycrystalline 
silicon or amorphous silicon, are formed on an 
insulating substrate 701 of glass, quartz, sapphire 
or the like. A pattern 704 composed of a silicon 
thin film, of such as polycrystalline silicon or amor- 
phous silicon. Is disposed so as to be in contact 
with the top side of the two areas in such a manner 
as to connect these two areas. Next, all of the 
above is coated with a gate insulation film 705 
such as a silicon oxide film, etc. Formed thereon is 
a gate el ctrode 706 composed of a metal, a 
transparent lectricaily-conductive film, a poly- 



crystalline silicon film to which an impurity is ad- 
ded, etc. (See Rg. 7(a)). 

Next, after an Insulation film 707 of, for exam- 
ple, silicon oxide, has been formed on all of the 

5 above, this insulation film 707 is etched by an- 
isotropic etching so that it remains only on the side 
wall of the gate electrode 706. Next, by adding an 
impurity which serves as a donor or an acceptor by 
ion implantation, a self-aligned source area 708 and 

w a self-aligned drain area 709 are formed. At this 
time, the silicon oxide film 707 that remained on 
the side wall of the gate serves as a stopper for 
ions implanted. As a result, a transistor having an 
offset structure is formed (See Rg. 7(b)). 

15 Thereafter, a source electrode 710 and a drain 
electrode 711 which are composed of a metal, a 
transparent electrically-conductive film, etc are re- 
spectively connected to the source area 708 and 
the drain area 709 according to the usual pro- 

20 cesses. Thus, a thin film transistor according to the 
present invention Is completed (See Rg. 7(c)). 

Embodiment 3 

zs Rg. 8 is a cross-sectional view showing the 

process steps of another embodiment by which a 
thin film transistor of the present Invention Is re- 
alized. 

Patterns 802 and 803 which are composed of a 

30 silicon thin film, of such as polycrystalline silicon or 
amorphous silicon, are formed on an insulating 
substrate 801 of glass, quartz, sapphire or the like. 
A pattern 804 composed of a silicon thin film, of 
such as polycrystalline silicon or amorphous sill- 

35 con, is disposed so as to be in contact with the top 
side of the two areas in such a manner as to 
connect these two areas. Next all of the above is 
coated with a gate insulation film 805 such as a 
silicon oxide film, etc. Next formed In turn thereon 

40 is an electrically conductive film 808 which serves 
as a gate electrode (See Rg. 8(a)). Next a resist 
pattern 807 is formed on the electrically conductive 
film 806 by using a photo etching technique. With 
this pattern as a mask, the electrically conductive 

45 film 806 is selectively etched in such a way that it 
becomes small relative to the resist pattern, and a 
gate electrode 808 is formed. By adding an Impu- 
rity which serves as a donor or an acceptor by ion 
implantation, a self-aligned source area 809 and a 

so self-aligned drain area 810 are formed. Then, the 
resist pattern 807 is removed (See Rg. 8(b)). 

Thereafter, a source electrode 811 and a drain 
electrode 812 which are composed of a metal, a 
transparent electrically-conductive film, etc. are re- 

65 spectiv ly connected to the source area 809 and 
the drain area 810 according to the usual pro- 
cesses. Thus, a thin film transistor according to the 
present invention is completed (See Rg. 8(c)). 
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Embodiment 4 

Fig. 9 is a cross-sectional view showing the 
process steps of another embodiment by which a 
thin film transistor of the present invention is re- 
alized. 

Patterns 902 and 903 which are composed of a 
silicon thin film, of such as polycrystalline silicon or 
amorphous silicon, are formed on an insulating 
substrate 901 of glass, quartz, sapphire or the like. 
A pattern 904 composed of a silicon thin film, of 
such as polycrystalline silicon or amorphous sili- 
con, Is disposed so as to be In contact with the top 
side of the two areas in such a manner as to 
connect these two areas. Next, all of the above is 
coated with a gate insulation film 905 such as a 
silicon oxide film, etc. Next, formed in turn thereon 
is an electrically conductive film 906 which serves 
as a gate electrode (See Fig. 9(a)). 

Next, a resist pattern 907 Is formed on the 
electrically conductive film 906 by using a photo 
etching technique. With this pattern as a mask, the 
electrically conductive film 906 is selectively 
etched, and a gate electrode 908 is formed. Then, 
by adding an impurity which serves as a donor or 
an acceptor by ion Implantation, a self-aligned 
source area 909 and a self-aligned drain area 910 
are formed with respect to the gate electrode. 
Then, the gate electrode 908 is etched in such a 
way that it becomes small relative to the resist 
pattern. Thereafter, the resist pattern 907 is re- 
moved (See Fig. 9(b)). 

Thereafter, a source electrode 91 1 and a drain 
electrode 912 which are composed of a metal, a 
transparent electrically-conductive film, etc. are re- 
spectively connected to the source area 909 and 
the drain area 910 according to the usual pro- 
cesses. Thus, a thin film transistor according to the 
present invention is completed (See Flg.9(c)). 

Embodiment 5 

Fig. 10 is a cross-sectional view showing the 
process steps of another embodiment by which a 
thin film transistor of the present invention is re- 
alized. 

Patterns 1002 and 1003 which are composed 
of a silicon thin film, of such as polycrystalline 
silicon or amorphous silicon, are formed on an 
insulating substrate 1001 of glass, quartz, sapphire 
or the like. A pattern 1004 composed of a silicon 
thin film, of such as polycrystalline silicon or amor- 
phous silicon, is disposed so as to be in contact 
with the top side of the tw areas in such a manner 
as to connect these two areas. Next, formed in turn 
thereon are a gate Insulation film 1005 such as a 
sllic n oxld film, etc., an el ctrically conductive 
film 1006 which serves as a gate electrode, and a 



film 1007 such as a silicon oxide film, etc. (See 
Fig. 10(a)). 

N xt, a resist pattern 1008 is formed on the 
silicon oxide film 1007 by using a photo etching 
s technique. With this pattern as a mask, the silicon 
oxide film 1007 is selectively etched (See Rg. 10- 
<b». 

Thereafter, the resist pattern 1008 Is removed. 
Then, with the silicon oxide film 1007 as a mask, 

w the electrically conductive film 1006 is selectively 
etched in such a way that it becomes small relative 
to the silicon oxide film pattern 1007. Thus, a gate 
electrode 1009 Is formed. Then, by adding an 
impurity which serves as a donor or an acceptor by 

is ion implantation, a source area 1010 and a drain 
area 1011 are formed in a self-aligned manner with 
respect to the gate electrode (See Rg. 10(c)). 

Thereafter, a source electrode 1012 and a 
drain electrode 1013 which are composed of a 

20 metal, a transparent electrically-conducive film, etc. 
are respectively connected to the source area 1010 
and the drain area 1011 according to the usual 
processes. Thus, a thin film transistor according to 
the present invention is completed (See Rg. 10(d)). 

25 

Embodiment 6 

Rg. 11 is a cross-sectional view showing the 
process steps of another embodiment by which a 
30 thin film transistor of the present invention is re- 
alized. 

Patterns 1102 and 1103 which are composed 
of a silicon thin film, of such as polycrystalline 
silicon or amorphous silicon, are formed on an 

95 insulating substrate 1101 of glass, quartz, sapphire 
or the like. A pattern 1104 composed of a silicon 
thin film, of such as polycrystalline silicon or amor- 
phous silicon, is disposed so as to be in contact 
with the top side of the two areas in such a manner 

40 as to connect these two areas. 

Next, formed in turn on all of the above are a 
gate insulation film 1105 such as a silicon oxide 
film, etc., an electrically conductive film 1106 which 
serves as a gate electrode, and a film 1107 such 

45 as a silicon oxide film, etc. (See Rg. 1 1(a)). 

Next, a resist pattern 1108 is formed on the 
silicon oxide film 1107 by using a photo etching 
technique. With this pattern as a mask, the silicon 
oxide film 1107 is selectively etched (See Rg. 11- 

60 (b)). 

Thereafter, the resist pattern 1108 1s removed. 
Then, with the silicon oxide film 1107 as a mask, 
the electrically conductive film 1106 is selectively 
etched and a gate lectrode 1109 is formed. Then, 
55 by adding an impurity which serv s as a donor or 
an acceptor by Ion Implantation, a self-aligned 
source area 1110 and a self-aligned drain area 
1111 are formed. Next, the gate electrode 1109 is 
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selectively etched in such a way that the gate 
el ctrode 1109 becomes small relativ to th sili- 
con oxide film 1107 (See Fig. 11(c)). 

Thereafter, a source electrode 11 12 and a 
drain electrode 1113 which are composed of a 
metal, a transparent electrically-conductive film, 
etc. are respectively connected to the source area 
1110 and the drain area 1111 according to the 
usuai processes. Thus, a thin film transistor accord- 
ing to the present invention is completed (See Pig. 
11(d)). 

Embodiment 7 

Fig. 12 is a cross-sectional view showing the 
process steps of another embodiment by which a 
thin film transistor of the present invention is re- 
alized. 

Patterns 1202 and 1203 which are composed 
of a silicon thin film, of such as polycrystalline 
silicon or amorphous silicon, are formed on an 
insulating substrate 1201 of glass, quartz, sapphire 
or the like. A pattern 1204 composed of a silicon 
thin film, of such as polycrystalline silicon or amor- 
phous silicon, is disposed so as to be in contact 
with the top side of the two areas in such a manner 
as to connect these two areas. Next, formed in turn 
on all of the above are a gate insulation film 1205 
such as a silicon oxide film, etc. and an electrically 
conductive film T206 which serves as a gate elec- 
trode (See. Fig. 12(a)). 

Next, a resist pattern 1207 is formed on the 
electrically conductive film 1206 by using a photo 
etching technique. With this pattern as a mask, the 
electrically conductive film 1206 is selectively 
etched and a gate electrode 1208 is formed (see 
Fig. 12(b)). 

Then, by adding an impurity which serves as a 
donor or an acceptor by ion implantation, a self- 
aligned source area 1209 and a self-aligned drain 
area 1210 are formed. Next, the gate electrode 

1208 is selectively etched so as to be small (See 
Fig. 12(c)). 

Thereafter, a source electrode 1211 and a 
drain electrode 1212 which are composed of a 
metal, a transparent electrically-conductive film, 
etc. are respectively connected to the source area 

1209 and the drain area 1210 according to the 
usual processes. Thus, a thin film transistor accord- 
ing to the present Invention is completed (See Rg. 
12(d)). 

Embodiment 8 

Fig. 13 is a cross-sectional view showing th 
process st ps of another mbodim nt by which a 
thin film transistor of the present invention is re- 
alized. 



Patterns 1302 and 1303 which are composed 
of a silicon thin film, of such as polycrystalline 
silicon or amorphous silicon, are formed on an 
insulating substrate 1301 of glass, quartz, sapphire 

s or the like. A pattern 1304 composed of a silicon 
thin film, of such as polycrystalline silicon or amor- 
phous silicon, is disposed so as to be in contact 
with the top side of the two areas in such a manner 
as to connect these two areas. Next, formed in turn 

w on all of the above are a gate insulation film 1305 
such as a silicon oxide film, etc., an electrically 
conductive film 1306 which serves as a gate elec- 
trode, and a film 1307 such as a silicon oxide film, 
etc. (See Fig. 13(a)). 

is Next, a resist pattern 1308 is formed on the 
silicon oxide film 1307 by using a photo etching 
technique. With this pattern as a mask, the silicon 
oxide film 1307 is selectively etched (See Rg. 13- 
(b)). 

20 Then, with the silicon oxide film 1107 as a 
mask, the electrically conductive film 1106 is selec- 
tively etched and a gate electrode 1309 is formed. 
Thereafter, the resist pattern 1307 is removed. 
Then, after an insulation film 1310 such as a silicon 

25 oxide film, etc. has been formed on all of the 
above, this silicon oxide film 1310 is etched by 
anisotropic etching so that ft remains on the side 
wall of the gate electrode 1309. At this time, the 
gate electrode 1309 is coated with the silicon oxide 

30 films 1307 and 1310. Then, by adding an impurity 
which serves as a donor or an acceptor by ion 
implantation, a self- aligned source area 1311 and 
a self aligned drain area 1312 are formed (See Rg. 
13(c)). 

35 Thereafter, a source electrode 1313 and a 
drain electrode 1314 which are composed of a 
metal, a transparent electrically-conductive fiim, 
etc. are respectively connected to the source area 
1311 and the drain area 1312 according to the 

40 usual processes. Thus, a thin film transistor accord- 
ing to the present invention Is completed (See Rg. 
13(d)). 

Embodiment 9 

45 

Rg. 14 is a cross-sectional view showing the 
process steps of another embodiment by which a 
thin fiim transistor of the present invention is re- 
alized. 

so A pattern 1402 which is composed of a silicon 
thin film, of such as polycrystalline silicon or amor- 
phous silicon, is disposed on an insulating sub- 
strat 1401 of glass, quartz, sapphire or the like. 
Next, all of th above is coated with a gate insula- 

55 tion film 1403 such as a silicon oxide film, etc. 
F rm d thereon is a gate electrod 1404 com- 
posed of a metal, an electrically conductive film, a 
polycrystalline silicon film to which an impurity is 
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added, etc. (See Fig. 14(a)). 

Next, after an insulation film 1405, for example, 
a silicon oxide film, has been formed on all of the 
above, the insulation film 1405 and the gate Insula- 
tion film 1403 are selectively etched so that at least 
a part of the pattern 1402 is exposed. Next, pat- 
terns 1406 and 1407 which are composed of a 
polycrystalline silicon film, to which an Impurity Is 
added, are formed in a manner as to connect to 
the pattern 1402. These patterns act as source and 
drain area, respectively. 

Thereafter, a source electrode 1408 and a 
drain electrode 1409 which are composed of a 
metal, a transparent electrically-conductive film, 
etc. are respectively connected to the source area 
1406 and the drain area 1407 according to the 
usual processes. Thus, a thin film transistor accord- 
ing to the present Invention is completed (See Fig. 
14(c)). 

Embodiment 10 

Fig. 15 Is a cross-sectional view showing pro- 
cess steps of another embodiment by which a thin 
film transistor of the present Invention is realized. 

Patterns 1502 and 1503 which are composed 
of a silicon thin film, of such as polycrystalline 
silicon or amorphous silicon, are formed on an 
insulating substrate 1501 of glass, quartz, sapphire 
or the like. A pattern 1504 composed of a silicon 
thin film, of such as polycrystalline silicon or amor- 
phous silicon, is disposed so as to be in contact 
with the top side of the two areas in such a manner 
as to connect these two areas. Next, all of the 
above is coated with a gate insulation film 1505 
such as a silicon oxide film, etc. Formed thereon is 
a gate electrode 1506 composed of a metal, an 
electrically conductive film, a polycrystalline to 
which an impurity is added, etc. (See Fig. 15(a)). 

Then, an insulation film 1507, for example, a 
silicon oxide film, etc. Is formed on all of the above. 
Next, a resist pattern 1508 is formed thereon by 
using a photo etching technique. With this pattern 
as a mask, by adding an impurity which serves as 
a donor or an acceptor to at least a part of each of 
the patterns 1502 and 1503 by ion implantation, a 
source area 1509 and a drain area 1510 are formed 
(See Rg, 15(b)). 

Thereafter, the resist pattern 1508 is removed. 
A source electrode 1511 and a drain electrode 
1512 which are composed of a metal, a transparent 
electrically-conductive film, etc. are respectively 
connected to the source area 1500 and the drain 
area 1510 according to the usual processes. Thus, 
a thin film transistor according to the present Inven- 
tion is completed (See Rg. 15(c)). 

In the abov , embodiments for realizing the 
present invention have been explained. The 



present invention can be realized by using materi- 
als other than those mentioned above without de- 
parting from the spirit and scope of the present 
invention. The embodiments have been explained 

6 chiefly by showing a structure In which the thick- 
ness of silicon films of at least a part of a source 
area and a drain area Is different from that of a 
channel section. However, as shown In Fig. 16, a 
thin film transistor having a structure in which the 

70 thickness of silicon films of, for example, the 
source area 1601 and the drain area 1602, is the 
same as that of the channel area 1603, may be 
used without departing from the spirit and scope of 
the present invention. In Fig. 16, 1605 is a gate 

75 insulation film, 1604 a gate electrode, 1606 a 
source electrode, 1607 a drain electrode and 1608 
a substrate. 

As has been explained above, with the thin film 
transistor of the present invention, it is possible to 

20 reduce the OFF-current dramatically without reduc- 
ing the ON-current This thin film transistor is a 
breakthrough invention which paves the way par- 
ticularly for an integrated driver built-in a large type 
liquid crystal display. In addition, a considerable 

25 Improvement in the performance of the display and 
a reduction in costs thereof can be expected when 
a conventional thin film transistor is replaced with 
the thin film transistor of the present Invention. For 
example, in a conventional liquid crystal display, 

ao since the OFF-current of a thin film transistor used 
in the pixel section thereof is large, transistors are 
connected In series in order to reduce the OFF- 
current. However, the above does not have to be 
done if the thin film transistor of the present inven- 

35 tion is used and therefore the yield and the picture 
quality of the display can be enhanced. 

As set forth herein above, the present invention 
can be used for all applications for which thin film 
transistors are used, such as image sensors, liquid 

40 crystal displays, etc. The present Invention makes 
a great contribution toward improving the perfor- 
mance of the above devices and reducing the 
costs thereof. 

45 Claims 

1. A thin film transistor, comprising: 

a source area (102) and a drain area (103) 
which are composed of a silicon thin film to 
go which an impurity which serves as a donor or 
an acceptor is added; 

a channel area (104) composed of the 
silicon thin film formed between said source 
area and said drain area in contact with said 
65 source area and said drain area; 

a gate insulation film (107) formed in such 
a manner 89 to cover said source area, said 
drain area, and said channel area; and 
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a gate electrode (108) disposed on said 
gate insulation film, wherein said gate elec- 
trode does not overlap said source area or said 
drain area. 

2. A thin film transistor as claimed in claim 1, 
wherein said gate electrode does overlap nei- 
ther said source area nor said drain area. 

3. A thin film transistor as claimed In claim 1 t 
wherein said gate electrode does not overlap 
said drain area. 

4. A method of manufacturing the thin film tran- 
sistor as claimed In claim 1, comprising the 
steps of: 

forming an element area by selectively 
etching a silicon thin film; 

forming in turn said gate Insulation film 
and an electrically conductive film for said gate 
electrode on said silicon thin film; 

forming said gate electrode by selectively 
etching said electrically conductive film; and 

forming said source area and said drain 
area in a self-aligned manner by adding an 
impurity which serves as a donor or an accep- 
tor after an insulation film has been formed on 
said gate electrode. 

5. A method of manufacturing the thin film tran- 
sistor as claimed in claim 1, comprising the 
steps of: 

forming an element area by selectively 
etching a silicon thin film; 

forming in turn said gate insulation film 
and an electrically conductive film for said gate 
electrode on said silicon thin film; 

forming said gate electrode by selectively 
etching said electrically conductive film; 

forming an insulation film on said gate 
electrode by anisotropic etching in such a 
manner as to remain on the side wall of said 
gate electrode at the least; and 

forming said source area and said drain 
area in a self-aligned manner by adding an 
Impurity which serves as a donor or an accep- 
tor after an insulation film has been formed on 
said gate electrode. 

6. A method of manufacturing the thin film tran- 
sistor as claimed in claim 1. comprising the 
steps ot 

forming an element area by selectively 
tehing a silicon thin film; 

forming in turn said gate insulation film 
and an electrically conduct) v film for said gate 
electrode on said silicon thin film; 

forming said gate electrode by selectively 
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etching said electrically conductive film with a 
pattern composed of a mask material as a 
mask in such a way that It becomes small 
relative to the pattern composed of the mask 

s material; and 

forming said source area and said drain 
area in a self-aligned manner by adding an 
impurity which serves as a donor or an accep- 
tor after an insulation film has been formed on 

70 said gate electrode. 

7. A method of manufacturing the thin film tran- 
sistor as claimed in claim 1, comprising the 
steps of. 

is forming an element area by selectively 

etching a silicon thin film; 

forming fn turn said gate Insulation film 
and an electrically conductive film for said gate 
electrode on said silicon thin film; 

20 forming said gate electrode by selectively 

etching said electrically conductive film with a 
pattern composed of a mask materia] as a 
mask; 

forming said source area and said drain 
25 area in a self-aligned manner by adding an 
impurity which serves as a donor or an accep- 
tor after an insulation film has been formed; 
and making said gate electrode small relative 
to the pattern composed of the mask material. 

30 

3. A method of manufacturing the thin film tran- 
sistor as claimed in claim 1, comprising the 
steps of: 

forming an element area by selectively 
35 etching a silicon thin film, 

forming in turn said gate insulation film 
and an electrically conductive film for said gate 
electrode on said silicon thin film; 

forming said gate electrode by selectively 
40 etching said electrically conductive film with a 

pattern composed of a mask material as a 
mask; 

removing said pattern composed of the 
mask material; 
45 forming said source area and said drain 

area in a self-aligned manner by adding an 
impurity which serves as a donor or an accep- 
tor after an Insulation film has been formed; 
and 

so making said gate electrode small relative 

to the pattern composed of the mask material. 

9. A m thod of manufacturing the thin film tran- 
sistor in which said gate electrode does not 
55 overlap said source area or said drain area as 
claimed in claim 1, comprising the steps of. 

forming an etem nt area by selectively 
etching a silicon thin film; 
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forming in turn said gate insulation film! an 
electrically conductive film for said gate elec- 
trode, and a first insulation film on said silicon 
thin film; 

forming said gate electrode having a con- s 
struction in which an insulation film remains on 
top of the gate electrode area only by selec- 
tively etching in turn said first insulation film 
and said electrically conductive film; 

forming a second insulation film on said 10 
gate electrode; 

etching said second insulation film by an- 
isotropic etching in such a manner as to re- 
main on the side wall of said gate electrode at 
the least; and is 

forming said source area and said drain 
area by forming a silicon film, to which an 
impurity which serves as a donor or an accep- 
tor is added, on a part of said element area. 

20 

10. A method of manufacturing the thin film tran- 
sistor in which said gate electrode does not 
overlap said source area or said drain area as 
claimed in claim 1, comprising the steps of: 

forming an element area by selectively 25 
etching a silicon thin film; 

forming in turn said gate insulation film 
and an electrically conductive film for said gate 
electrode on said silicon thin film; 

forming said gate electrode by selectively 30 
etching said electrically conductive film; 

forming a mask pattern such as to cover 
said gate electrode which overlaps th channel 
area at the least; and 

forming said source area and said drain 36 
area by adding an impurity which serves as a 
donor or an acceptor with said mask pattern as 
a mask. 

40 
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